Objective-To derive a predictive model for national prescribing behaviour in terms of basic morbidity and demographic factors.
improvements in compliance with guidelines were observed when a structured history sheet was used in neonatal16 and antenatal care.'7 However, the infertility management sheet was used in only a third of couples.
General practitioners were less likely to use the infertility management sheet if the male partner was not registered with the practice. This has implications for the management of infertile couples in primary care. Infertile couples need to be counselled and investigated together. Under the present arrangements it is difficult to provide good quality care if the male partner is registered with another practice. It may be appropriate for a couple registered with different practices to nominate a general practitioner from one practice to coordinate the initial management (and referral, if appropriate) of their infertility.
The use of the infertility management sheet may be improved with a better dissemination strategy including a specific educational initiative which explains the scientific basis of the guidelines and instructs general practitioners in the use of the infertility management sheet. In future, it is likely that clinical guidelines integrated within a computerised medical record will provide similar decision support to the paper based infertility management sheet. '8 We particularly wish to thank Dr J Farquharson, Dr T Stewart, and Dr S Tuttle, who were involved in the development of the general practice guidelines, and Dr D S Irvine for his help in designing the infertility management sheet. We also wish to thank all general practitioners in Grampian region who participated in the study.
Introduction
Prescribing is not uniform across Britain,'4 variations existing between prescribers, practices, health authorities, and regions. For 1990-1, for example, the average annual prescribing costs per patient for the 90 family health services authorities in England ranged from £36.85 to £65.04.' Suggested reasons for these variations include the large differences in socioeconomic factors, patients' attitudes,6 and demography across the country, which yield differing levels of health care demand.7 Unexplained variations in resource use are, however, liable to be interpreted as indicating inefficiency. It is therefore important for primary care needs assessment to explore the relation between prescribing and socioeconomic and demographic features, both in general and in certain therapeutic groups. , It is difficult to assess these links at practice level since local factors, such as the general practitioner's own beliefs about prescribing (which have been shown to be stable and unchanging'-") and differing levels of identification of morbidity, can be distorting. The coarser the level of analysis the less individual prescribing habits affect the overall picture, but the less sensitive the analysis becomes to real local variation in need. Analysis of data aggregated at the level of the family health services authority is a compromise, but it may disguise real differences between, say, inner city and rural components within one authority. Some work with this approach has been reported.'"' This paper examines a model to explain the variation in prescribing costs at the level of the family health services authority to establish the extent to which such variations are predictable.
Methods
We identified 24 factors which might influence prescribing costs. The data for each of these factors ( 
To measure prescribing costs we used the average net ingredient cost per patient for each family health services authority for 1989. The total cost of a prescription includes the cost of the drug or appliance (the net ingredient cost), a dispensing fee, a container allowance, an on cost allowance, a discount (a negative figure) , and, for dispensing doctors, value added tax (VAT). Dispensing doctors bear VAT on items dispensed whereas pharmacies can recover it. If we had used total prescription costs in the analysis areas with a high number of dispensing practices would show an artificially raised value compared to those with few because of the VAT component. Furthermore, the costs due to fees and container allowances are proportional to the number of items prescribed, not the cost of those items, so further complicating the analysis. Hence the net ingredient costs of prescribed items provides a clearer picture of prescribing behaviour without financial complications-a factor ignored in a previous study." Prescriptions are included in the cost of a family health services authority if they are dispensed within its boundary.
In this study two definitions of the denominator population were used. The registered population is based on patients who are registered with a general practitioner in a particular family health services authority area but not necessarily resident in that area. The registered population is used by the Prescription Pricing Authority to calculate net ingredient prescribing cost per patient.
The second definition is the Office of Population Censuses and Surveys population in each family health services authority area. Until data from the 1991 census became available this remained a population projection of the resident population based on the 1981 census data. The figure relates to the resident population within the area covered by the family health services authority, whether or not those people are registered with a general practitioner who is under the administration of that family health services authority. We used this figure to define list inflation-the population registered with the family health services authority as a fraction of the resident population. Registered patient lists may be higher than resident populations because of patients who leave a practice area but fail to reregister with a new practice and so remain on the old practice list. List inflation is most severe in inner city areas, where population flux is high (especially inner London). The effect is artificially to reduce the cost per patient in these areas. In the analysis we treated list inflation as an independent variable, even though it is essentially a biasing factor. We did this for two reasons.
Firstly, most prescribing information available uses registered patient populations as denominators. Prescribe and cost information issued by the Prescription Pricing Authority (PACT data) to general practitioners and family health services authorities and data presented in Prescription Pricing Authority annual reports all work with registered populations.
Secondly, list inflation, although an artefact, is a concept that health service workers should be conversant with as it affects practices as well as administrative areas. Direct comparisons of net ingredient costs per registered patient between say an inner city practice and a rural practice may in fact be inappropriate. Use of list inflation as an independent variable in our model should help engender such an appreciation.
Five year all causes standardised mortality ratios for Family Health Services Authority residents between the ages of 0-64 were used. The link between standardised mortality ratios and measures of morbidity has been established,'6" but we also used the number of prepayment certificates issued (per 10000 registered population not exempt from prescription charges on grounds of age) in the model as a measure of morbidity. People with chronic diseases who are not old or young enough to be exempt from prescription charges are likely to buy prepayment certificates (or season tickets) to limit their prescription costs.
Older people are known to incur higher prescribing costs per head than the rest of the adult population. Around 1983 an attempt was made to accommodate this by giving patients aged 65 and over a weighting factor of three whereas the rest had a weighting of unity. Hence a patient of 65 or over counted as three prescribing units (known as PUs) and those aged less than 65 were counted as one prescribing unit. Prescribing units are used in the reporting of prescribing information to general practitioners and family health services authorities (PACT data). We wanted to assess whether the much disputed'8'9 weighting factor of 3 accurately reflected the amount of extra prescribing for the elderly. In our model the numbers of elderly people were taken as the percentage of the population at or over pension age (60 for women, 65 for men).
The 24 factors were examined individually for correlation with net ingredient cost per patient. As some of the factors were not normally distributed, the Spearman rank correlation coefficient was used. Linear least squares multiple regression was used on the SPSS-PC package to predict the prescribing behaviour of each family health services authority in England in terms of net ingredient costs per patient, using the forward selection followed by backward elimination procedure. No forward selected variables were removed on the backward procedure. To test the validity of the final model, we examined the residuals for normality by the Kolmogorov-Smirnov test and for any trend by plotting the residuals versus the predicted value for net ingredient cost per registered patient.
Results and comment
Most of the 24 factors used as independent variables in the initial multiple regression model showed no separate correlation with net ingredient cost per BMJ VOLUME 306 26JUNEE1993 figure) . The linear multiple regression model therefore appeared to be appropriate for this analysis. There was, however, one outlier, whose absolute value for the standardised residual was 3-6 (see figure) . This was the only value greater than 2. It was not possible to determine reasons for this family health services authority's strong departure from the national trend, but omission of the data point did not significantly alter the results of the analysis. From the final model and the regression equation predicting prescribing costs for each family health services authority we were also able to derive a value for the prescribing unit for men aged over 65 and women aged over 60 (see appendix). The net ingredient cost for each such patient was 4-6 times the cost for patients beneath retirement age. This is higher than the widely used value of 3, which refers to men and women over 65. However, the inclusion of women aged between 60-64 in our model should, if anything, have reduced the derived value.
Discussion
Our results show a high degree of prediction for prescribing variations at family health services authority level. The fact that some 81% of the national variation has been explained by these demographic factors and morbidity indicators does support the belief that family health services authorities with high prescribing costs are merely responding to demand as opposed to being inefficient.
The forward selection process discounted 20 of the 24 factors entered in the analysis, thus leaving four significant factors. Some of the other factors may indeed be significantly correlated to net ingredient cost per patient, but they will be colinear with one appearance of the number of prepayment certificates in the national model supports this belief, as prepayment certificates are issued to patients needing many prescriptions, among them the chronically sick.
An independent derivation of the prescribing unit weighting for elderly people can also be obtained from the model. The value of 4-6 (95% confidence interval 3-2 to 6 7) is 50% higher than the value used by the Prescription Pricing Authority in its PACT data. The implication is therefore that areas with high numbers of elderly patients may appear to be overprescribing because the value for the prescribing unit is inaccurate.
The derivation of the prescribing unit from our model suggests that the prescribing unit for registered patients in effect varies from area to area. Inner city areas (especially inner London) have high list inflation, but only among the relatively young and mobile. Hence in these areas the prescribing cost per patient for registered patients who are aged less than 65 is artificially lowered relative to that of the elderly registered population who do not move area so frequently, thereby raising the local prescribing unit. In rural areas, where list inflation is less significant, the prescribing unit will be lower. Van Zwanenberg et al recently calculated two differing values for the prescribing unit of 3*6 for a practice in Sunderland and 5 2 for a practice in Telford.'8 While this could be due to bias from the small numbers of elderly in a single practice, it could also reflect the effects of list inflation at a practice level.
Departures from the model may occur through factors likely to influence prescribing costs which are peculiar to a small number of family health services authorities. For example, authorities with a high proportion of dispensing practices,2' and those which contain a large mail order appliance contractor, are both likely to show increased prescribing costs. In the latter example, all items dispensed by such a contractor will appear under the costs of the family health services authority of its location, even though they are often for patients living and registered in other family health services authorities.
Putting the first three terms together, the predicted net ingredient cost per patient can be thought to be composed of two terms, a pensioners term (87-7 fp) and the rest (r). The value r represents the net ingredient cost per patient for the family health services authorities if no patients are pensioners (fp=O). This corresponds therefore to the average net ingredient cost per patient for the non-pensioners. NB the pensioner term does not correspond to the net ingredient cost per patient for the pensioners; it corresponds to the increase to the overall net ingredient cost per patient the pensioners make. We have therefore for net ingredient cost per patient (NPP): NPP=r+bf0 (2) However, another approach to calculating the overall average net ingredient cost per registered patient is to take the average of the pensioners' and the non-pensioners' net ingredient cost per patient, weighted by the relative propor-BMJ VOLUME 306 26 JUNE 1993 tions of the population in each category. The net ingredient cost per patient for the non-pensioners is simply r (from the regression equation I looked up from his notes, surprised at this unusual request. We were always behind with the inoculation at the station and I was pleased that I had a volunteer. As I complied with his request he confided that he expected to go overseas quite soon. "How long have you been in the service?" I asked. "Only three weeks," he replied. "But I re-enlisted." Then in a conspiratorial tone, "I'm going to be made up to corporal soon."
His behaviour was out of the ordinary but not abnormal.
Three weeks later the commanding officer remarked that one of the cooks was misbehaving and asked me to have a look at him. I will call him Jones. Apparently he was terrorising the other cooks, telling them that he was to be promoted, and when he was he'd have them all on charges. Remembering Jones as the keen young airman who wanted to go abroad, I privately thought that the officer in charge of the cook house should try harder to keep his men under control.
I saw Jones the next morning on sick parade. He was neat and tidy, clean and respectful, but slightly mystified as to why he was there. I too was puzzled. Here was a perfectly rational young man, who by all accounts had been larking about with his friends.
I had now missed the diagnosis twice. Two months passed without further disturbances. Then one day my sergeant came into my office and said that he had a madman in with him. He was frightened that he was going to be attacked.
I went into the office, and who should be there but Jones. He seemed to have calmed down a bit, but was surly.
"What's going on?" I asked. "This man is holding up my overseas posting," said Jones.
"Don't talk rubbish," I said firmly. "Now push off, and stop being a nuisance." I had ignored the third diagnostic clue. It was only 10 minutes later that the fiasco was repeated. This time his behaviour was so obviously abnormal that I had to take notice and I decided that psychiatric help was urgently needed. "I'm sending you off for a bit," I said, hoping that he would go quietly.
"Oh Sir," he said, "it's the Easter holiday just coming up, do I have to go now?" "Sorry," I said, "I think it's important that we get you seen as soon as possible."
"Is it about my promotion?" I grasped at this convenient straw. "You could say it's about your future." "Oh that's all right then, I really want my promotion to corporal as soon as possible."
Even this diagnostic clue passed me by. Making a provisional diagnosis of schizophrenia, I quickly arranged his transfer to the psychiatric unit.
Two months later the unit rang me. "Do you remember Jones?" How could I forget him? "Yes, of course." "We eventually found out he has general paralysis of the insane." "But he's far too young." "His initial infection was contracted when he was very young, so the disease proceeds much more quickly than usual,"
Delusions he certainly had, poor fellow, but grandeur? I suppose it depends on your station in life.-A P BLOWER is a retired radiologist in Peterborough
We welcome contributions to fillers: A patient who changed my practice; A paper that changed my practice; A memorable patient; The message I would most like to leave behind, or similar topics.
